Abstract Cadmium is one of the elements found to damage antioxidant systems in mammals. To ameliorate cadmium toxicity and to prevent oxidative stress, natural products may be useful. In Indian ethnobotanical practice, a mixture of 17 herbal products is used to fortify the reproductive system of women after parturition and to reverse ovarian oxidative stress. Oral administration of this extract to rats exposed to cadmium was useful in reversing oxidative stress. Two different doses of cadmium (50 ppm and 200 ppm) were given to Wistar rats aged 45 and 65 days. An herbal extract derived from 17 plants was administered orally every day at a dose level of 200 mg/kg of body weight to the rats exposed to cadmium. A battery of enzymes involved in antioxidant activity in the ovary, including superoxide dismutase (SOD), catalase, glutathione peroxidase (GPx) and glutathione-s-transferase (GST) were measured in the control, cadmium-exposed rats without treatment and in the cadmium-exposed rats treated with herbal extract. The reduction in SOD, catalase, GPx and GST activity after cadmium exposure improved significantly in the rats treated with the herbal extract (p<0.05). The decrease of antioxidant enzymes due to cadmium exposure was reversed significantly with herbal extract administration. The synergistic effect of each bioactive compound in different herbal extracts requires further study.
Introduction
Cadmium (Cd) is an environmental risk factor with various toxic effects in animals and humans. Cadmium enters the general environment from the natural weathering of materials, forest fires and volcanoes, but much larger amounts are released by human activities [1] . Cadmium chloride used in photography, photocopying, dyeing, calico printing, vacuum tube manufacture pigment production, galvanoplasty, lubricants, ice-nucleation agents and manufacture of special mirrors [2] may easily enter the environment. Long-term ingestion of large amounts of cadmium has been observed in Japan [3] . The exceptionally long half-life of cadmium in the human body, about 30 years [4] , emphasizes the need for the effective assessment and treatment of cadmium toxicity. Cadmium is known to affect reproductive organs [5, 6] . In the blood and tissues, Cd stimulates the formation of metallothioneins and reactive oxygen species (ROS), thus causing oxidative damage in erythrocytes and in various tissues. This produces a loss of membrane functions [7] .
Oxidative stress is a condition associated with an increased rate of cellular damage induced by oxygen and oxygenderived oxidants commonly known as reactive oxygen species [8] . The cellular damage in the gonads may be due to an improper balance between ROS (reactive oxygen species) generation and scavenging activities [9] . The scavenging potential in the gonad is normally maintained by adequate levels of antioxidant superoxide dismutase (SOD), catalase and glutathione [10] . Long-term exposure to Cd increases lipid peroxidation and causes inhibition of SOD activity, indicating oxidative damage [11] . The increase in lipid peroxidation (LPO) may be attributed to the alteration in the antioxidant defense system. This defense system includes the enzymes SOD, catalase, glutathione peroxidase (GPx), glutathione-s-transferase (GST) as well as glutathione, which normally protect against radical toxicity.
A number of plant compounds had been reported to exhibit a protective role against ROS and lipid peroxidation [12, 13] . In southern India, several herbal products had been reported to fortify the reproductive systems of women and to mitigate oxidative stress due to ROS in the gonads after parturition [14] . The herbal products are collected from different parts of the plants, shade dried and finely powdered, mixed well and given to women soon after parturition. This herbal mixture ("Perukala rasayanam") has been a household remedy used by many women.
This study tests the effect of Perukala rasayanam (PR) on the oxidative stress on ovarian tissue in rats that were affected by Cd toxicity. The influence of the herbal mixture on the oxidative stress in the ovary is studied after suppressing the antioxidant status in the rat with Cd exposure.
Materials and Methods
Thiobarbituric acid, dithio-bis-nitrobenzoic acid, sodium azide and bovine serum albumin were purchased from Sigma-Aldrich Co, St. Louis, USA. Sulphuric acid, hydrogen peroxide, chloroform and sodium hydroxide were procured from Qualigens Fine Chemicals, Mumbai, India. Pyrogallol and petroleum ether were purchased from EMerck (India) Limited, Mumbai, India. All other chemicals were purchased from Sisco Research Laboratories Private Limited, Mumbai, India.
For toxicity evaluations, Cd (in the form of cadmium chloride) was selected. After preliminary toxicity evaluation, two test doses of 50 ppm and 200 ppm were selected. PR plant products were collected from a local Ayurvedic shop. All plant materials were identified by the Department of Botany, Rani Anna Govt. College for Women, Tirunelveli, Tamil Nadu, India. Then, the plant materials were shade dried.
Preparation of Crude Plant Extract
The preparation of extract was carried out following the procedure of Uboh et al. [15] . The plant materials viz., Zingiber officinale (rhizome), Piper nigrum (fruits), Trachyspermum ammi (seeds), Brassica nigra (seeds), Ferula asafietida (resin from rhizome), Curcuma longa (rhizome), Anethum graveolens (seeds), Hemidesmus indicus (root), Vernomia anthelmintica (seeds), P. longum (fruits and root), Crataeva religiosa (bark), Allium sativa (bulb), Spilanthes calva (flowers), Alphinia calcarata Roscoe (rhizome), Nigella sativa (seeds), Acorus calamus (rhizome) and Trianthema decandra (root) were collected and shade dried. Two hundred grams of the ground powder was soaked in 1.0 l of distilled water for 48 h at room temperature. The mixture was filtered into a 500-ml conical flask with a Whatman filter paper (No. 1). The filtrate was dried at a temperature of 30°C for 10 h to produce a gel-like extract, which weighed 20.5 g. Appropriate concentration of the extract was then subsequently made by dilution with distilled water into 200 mg/kg body weight and administered to the animals.
Experimental Design

Animals
Ninety-day-old female albino rats of Wistar strain (Rattus norvegicus) obtained from the National Institute of Nutrition, Hyderabad, weighing 140±10 g were used for the present investigation. The rats were maintained in a temperature controlled animals' quarter with 12 h dark:12 h light schedule and were fed standard rat pellet diet (Broke Bond, Lipton India Ltd., India) and drinking water ad libitum. The animals were dewormed with albendazole (Bendex-400, Protec Cipala Ltd., India) (10 mg/kg body weight, orally), before the initiation of the experiment. The females were mated with males at a ratio of 2:1. Cohabitation began at approximately 16.30 h on each mating day. On the following morning the females were removed from the mating cages and smeared individually for the presence of sperm in the vaginal lavage. The presence of sperm in the vaginal lavage is indicative that the females mated, and those were selected for further studies. The pregnant animals were then allowed to give birth. The mother animals with female pups were divided into the following groups:
Group I: control Group II: 50 ppm Group III: 200 ppm
The minimum (50 ppm) and maximum effective doses (200 ppm) of Cd were selected [16] , and the mother rats along with female pups were treated with Cd in the form of cadmium chloride and the crude plant extract mixed in drinking water from 0 day post-parturition (pp) to 65 days pp.
Subgroup I: 45-day-old rat-puberty occurred Subgroup II: 65-day-old rat-full growth of ovary At the end of the experimental period, animals were killed by cervical decapitation, and the uteri were dissected and washed with ice-cold saline. A 10% homogenate (100 mg in 1 ml buffer) of washed tissue was prepared in 0.1 M Tris-HCl buffer, pH 7.4, and used for the assay of the following biochemical parameters.
Protein
The protein content was determined by the method of Lowry et al. [17] . The total protein content was expressed as gram/100 g tissue.
Tissue Anti-oxidizing Enzymes
Superoxide Dismutase
The enzyme was assayed according to the method of Marklund and Marklund [18] . The enzyme activity was expressed as units/milligram protein.
Catalase (CAT)
The activity of catalase was assayed by the method of Sinha [19] . The activity of catalase was expressed in units/ milligram protein (1 unit is the amount of enzyme that utilizes 1 μmol of hydrogen peroxide/min).
Glutathione Peroxidase
The activity of GPx was determined by the method of Rotruck et al. [20] . The enzyme activity was expressed as units/protein (1 unit is the amount of enzyme that converts 1 μmol GSH to GSSG in the presence of hydrogen peroxide/min).
Glutathione-s-transferase
This enzyme was assayed by the method of Habig et al. [21] . The enzyme activity was expressed as units/milligram protein (1 unit is the amount of enzyme that converts 1 μmol GSH to GSSG in the presence of hydrogen peroxide/min).
Statistical Analysis
All data were presented as means ± standard error of the mean (SEM). Statistical significance was calculated using ANOVA to test the significance of individual variations. The value of probability was obtained from the degree of freedom by using standard table value, given by Fischer and Yates [22] . The level of significance was assessed at p<0.05.
Results
Antioxidant Enzymes
Superoxide Dismutase
Significant duration-dependent decrease in SOD activity was noted in animals treated with Cd when compared to controls. SOD levels were enormously reduced in the ovary of 50 ppm and 200 ppm Cd-exposed rats during 45 and 65 days PND. The present study was undertaken to evaluate the antioxidant activity of a selected herbal extract. The SOD level was significantly (p<0.05) increased in herbal administered group in both age groups (45 and 65 days) (Fig. 1) .
Catalase (CAT)
The activity of catalase was significantly decreased in the 45th and 65th days of the animals' exposure to Cd when compared to control. But in those treated with herbal extract and Cd there was a significant increase in the catalase levels (Fig. 2) .
Glutathione Peroxidase
A duration-dependent response was observed in exposed rats. Animals which were persistently exposed to Cd showed a significant suppression of ovarian GPx activity in the 45th PND when compared to control. A marked increase in activities of GPx antioxidant enzymes was observed in herbal extract administered group (Fig. 3 ).
Glutathione-s-transferase
A low level of GST activity was observed in both the Cdexposed groups of rat ovaries when compared to control. The depletion of GST activity was greater in the ovary of 45th-day treated animals. The GST activity was found to be significantly (p<0.05) increased in herbal administered group when compared to control and Cd-only treated group (Fig. 4) .
Discussion
The role of antioxidants is to neutralize the excess of free radicals, to protect the cells from toxic effects and to contribute to disease prevention. [23] . In the present study, a significant decrease in SOD activity was observed in the ovaries of the 45-day and 65-day age group animals ( Fig. 1) . The activity of another antioxidant enzyme, catalase, was also lowered in the ovaries of 45-day and 65-day age groups of Cd-exposed animals (Fig. 2) . This is in accordance with the findings of previous studies. Studies by some authors have shown that Cd inhibits the activity of the majority of enzymes involved in AOS [24, 25] , inducing an increased production of free radicals, lipid peroxidation Fig. 2 Effect of herbal extract and cadmium exposure on ovarian catalase in developing female rats. Each bar represents the mean and SEM (n=4). Statistical significance of difference among groups at p<0.05; control versus 50 ppm cadmium treatment; 50 ppm cadmium treatment versus 50 ppm cadmium treatment along with herbal administration (both 45 and 65 days) Fig. 3 Effect of herbal extract and cadmium exposure on ovarian GPx in developing female rats. Each bar represents the mean and SEM (n=4). Statistical significance of difference among groups at p<0.05; control versus 50 ppm cadmium treatment; 50 ppm cadmium treatment versus 50 ppm cadmium treatment along with herbal administration (both 45 and 65 days) and destruction of cell membranes [26, 27] . SOD has proven a useful probe for studying the free radicals in reactions involving oxygen, since it acts as a defense against oxidative tissue damage by dismutation of superoxide radicals [28] . SOD also plays an important role in the regulation of the luteal function during pregnancy [9] . Long-term exposure to Cd increases lipid peroxidation and causes inhibition of SOD activity, resulting in oxidative damage to liver, kidney and testes [11] . Also in the Cdtreated group, hepatic LPO increased and SOD and CAT activities were decreased, as observed in earlier studies [29, 30] . The increased LPO may be due to decreased activities of SOD and CAT, the free radical scavenging enzymes [31] .
Antioxidant-based drug formulations are used for the prevention and treatment of complex diseases like atherosclerosis, stroke, diabetes, Alzheimer's disease and cancer [32] . There is evidence that indigenous antioxidants may be useful in preventing the deleterious consequences of oxidative stress, and there is increasing interest in the protective biochemical functions of natural antioxidants contained in spices, herbs and medicinal plants [33] . In the present study a significant increase in SOD and catalase activity was observed in the ovaries of 45-day and 65-day age group animals ( Figs. 1 and 2 ). Piper species, commonly used in diet and traditional medicine, were assessed for their antioxidant potential. P. cubeba Linn increased antioxidants like SOD and catalase activities [13] . Catalase activity was predominant in P. longum [14] . There are more than 50 antioxidants isolated from rhizomes of ginger [34] . Z. officinale (ginger) significantly lowers lipid peroxidation by maintaining the activities of the antioxidant enzymes: SOD, catalase and glutathione peroxides in rats [12] . C. nurvala shows the highest SOD activity (122.53 units/min/mg) [35] . H. indicus root bark has also been reported to possess antioxidant property [36] .
The decreases in GPx and GST activities in the ovaries of 45-day and 65-day age group animals are given in Figs. 3 and 4. A drastic reduction in GPx activity was noticed in the ovary of 45-day age group rats treated with 50 ppm Cd when compared to control. A similar trend was also noticed in GPx activity in the ovary of 65-day-old rats treated with 50 ppm Cd when compared to control. Glutathione, the cofactor for the lipid hydrogen-peroxide detoxifying enzyme, GPx, is also present in high concentrations in ovarian tissue [37] . Numerous reports in animal models have shown that Cd intoxication significantly increases the malondialdehyde (MDA) and glutathione peroxidase (GSH-Px) [38, 39] . Free radicals generated by Cd are scavenged by GSH directly or via the GSH peroxidase/GSH system [28] . The GST enzyme has an important role in the detoxification of xenobiotics, drugs and carcinogens, and thus protects the cells against redox cycling and oxidative stress [40, 41] .
The increases in GPx and GST activities in the ovaries of 45-day and 65-day age group animals are given in Figs. 3 and 4 . This was consistent with the previous findings that N. sativa oil increases glutathione (GSH) and SOD [42] . C. longa protects against ischemia-induced changes by increasing the antioxidant defense mechanisms [43] . B. juncea administered to animal groups increases activity of SOD and catalase. It also sharply increased the activity of glutathione reductase (GSH), GPx and GST in the experimental group compared to the controls [44] . The N. sativa oil produced an increase in glutathione level in the stomach [45] . N. sativa oil has been reported in other publications to possess antioxidant activity [46] . Fig. 4 Effect of herbal extract and cadmium exposure on ovarian GST in developing female rats. Each bar represents the mean and SEM (n=4). Statistical significance of difference among groups at p<0.05; control versus 50 ppm cadmium treatment; 50 ppm cadmium treatment versus 50 ppm cadmium treatment along with herbal administration (both 45 and 65 days)
Conclusion
In the present study, Cd treatment to female Wistar rats inhibited the action of enzymes involved in the scavenging of ROS. However, the inhibited antioxidant enzyme levels were elevated significantly due to the action of the bioactive principles present in the herbal antioxidant restoration mixture. The protective role of the extracts of 17 plant products in the reproductive functioning had been well known to traditional healers and needs further phytochemical analysis.
